The degree of layered organization of planktonic organisms in coastal systems impacts trophic interactions, the vertical availability of nutrients, and many biological rate processes. While there is reasonable characterization of the vertical structure of these phenomena, the extent and horizontal length scale of variation has rarely been addressed. Here we extend the examination of the vertical scale in the first paper of the series to the horizontal scale with combined shipboard acoustic measurements and bio-optic measurements taken on an autonomous underwater vehicle. Measurements were made in Monterey Bay, CA from 2002 to 2008 for the bio-optical parameters and during 2006 for acoustic scattering measurements. The combined data set was used to evaluate the horizontal decorrelation length scales of the bio-optical and acoustic scattering layers themselves. Because biological layers are often decoupled from the physical structure of the water column, assessment of the variance within identified layers was appropriate. This differs from other studies in that physical parameters were not used as a basis for the layer definition. There was a significant diel pattern to the decorrelation length scale for acoustic layers with the more abundant nighttime layers showing less horizontal variability despite their smaller horizontal extent. A significant decrease in the decorrelation length scale was found in bio-optical parameters over six years of study, coinciding with a documented shift in the plankton community. Results highlight the importance of considering plankton behavior and time of day with respect to scale when studying layers, and the challenges of sampling these phenomena.
Introduction
Mediation, persistence, and variability in rates of biogeochem ical cycling are primarily defined by the structure and activity of biological communities. Communities are organized non-ran domly, and can be layered due to the physical structure of water, distribution of nutrients, advective processes, and behavioral differences within and between organisms (Deutschman et al., 1993) . Because of these varied mechanisms for accumulation of different planktonic organisms, their horizontal and vertical distributions are often heterogeneous, vary between taxonomic groups, and are scaled to the physical, chemical, and biological forcing. One extreme example of this heterogeneous organization, which has received considerable attention in recent decades, is the common occurrence of thin layers in coastal regions (Cheriton et al., 2007) . These dense accumulations of plankton are defined by their small vertical scales of tens of centimeters to a few meters, yet can be continuous over many kilometers (Donaghay et al., 1992; Dekshenieks et al., 2001; Holliday et al., 2003; McManus et al., 2003) . Through these recent studies, much has been learned about the formation of these layers (Osborn 1998; McManus et al., 2003; Birch et al., 2008; Ryan et al., 2008b) , biological communities that make up layers (Donaghay et al., 1992; Rines et al., 2002; Menden-Deuer, 2008; Rines et al., this issue) , and the time dependent changes of layers Cheriton et al., 2007) .
Although the horizontal extent of thin layers has been documented (Dekshenieks et al., 2001) , what is not known well is horizontal continuity of layers and specifically what the horizontal length scales of variability are for these phenomena. While a number of studies have quantified the scales of chlorophyll fluorescence as it relates to variance of temperature and salinity over larger domains (Lee et al., 2000; Rudnick et al., 2004; Hodges and Rudnick, 2006; Cheriton et al., this issue) , significantly less has been done on small scales and, in particular, layers (Blackwell et al., 2008) . This is despite evidence showing decreasing length scales and their importance in modulating distributions of biological communities and optical variability when approaching coastlines (Yoder and McClain, 1987; Lovejoy et al., 2001; Chang et al., 2002; Bissett et al., 2004) . As biological interactions, biogeochemical cycling, and the optical properties of the water column are influenced by these layers (Sullivan et al., 2009) , and likely dependent on the distribution and scales of layers in coastal systems.
One of the initial challenges in studying thin layers was that traditional approaches were not adequate in resolving small scale structure (Cowles et al., 1998) . Developments in profilers and slow-drop packages have significantly improved resolution within layers for a number of parameters, in particular the small scale physical dynamics in and around layers (Wang and Goodman, this issue) . Evaluation of thin layers in three dimensions, addressing their horizontal extent, is even more challenging. Although we are not able to synoptically assess vertical and horizontal extent of layers, there are a number of technologies and platforms that can make these measurements over varying periods of time, including tow packages (Dale et al., 2006) , autonomous underwater platforms (Yu et al., 2002; Dickey et al., 2008; Ryan et al., this issue) , and recently airborne LIDAR (Churnside et al., 2006) .
Another challenging aspect of the studying thin layers is making concurrent measurement of multiple trophic levels. Measurements have traditionally focused on either phytoplankton layers (Cowles et al., 1998; Dekshenieks et al., 2001; McManus et al., 2008; Osborn, 1998; Rines et al., 2002a; Sullivan et al., 2005) or zooplankton layers (Cheriton et al., 2007; Holliday et al., 2003 Holliday et al., , 1998 McManus et al., 2005; Widder et al., 1999) , but they have rarely been studied together Donaghay et al., 1992; Gallager et al., 2004; McManus et al., 2003) . Assessing layers by focused attention on one component of the planktonic community necessarily excludes evaluation of the influence of other organisms. An example showing the advantages of simulta neous measurements in evaluating layer interactions is presented in the first of these companion papers .
In this second paper, we attempt to quantify and evaluate the horizontal scales of both bio-optical and acoustical thin layers in the northeast section of Monterey Bay with data from 2002 through 2008, with a focus on field data from the interdisciplinary research initiative termed Layered Organization in the Coastal Ocean (LOCO) in 2006. Utilizing both autonomous underwater vehicles (AUVs) and ship-based sampling of fluorescent, biolumi nescent, and acoustically scattering layers, we identify the decorrelation length scales for these parameters. These descrip tions of the spatial distance over which neighboring data points are correlated provide the threshold point above which the variance in plankton abundance no longer changes, defining a statistical distance which layers are coherent. These scales elucidate the resolution and extent necessary for the future sampling of horizontal distributions of thin layers, and are relevant for evaluating biogeochemical processes, which are significantly and disproportionately mediated by layered struc ture in the coastal ocean.
Methods
Sampling was conducted in the northeast portion of Monterey Bay, California, USA bounded to the West by 122.0711W and to the South by 36.7441N (Fig. 1) . Data from two AUV platforms sampling between August, 2002 and October, 2008 , and one shipboard platform in August, 2006 are used for this study, which includes the period of intensive investigation of layers during the 2006 LOCO field experiment. These platforms collected continuous horizontal measurements of physical, bio-optical, and acoustical properties of the water column that are used here to assess the critical horizontal length scales of variability within layers. 
Bio-optical sampling
The bio-optical data, including chlorophyll fluorescence, optical backscatter, fluorescence, and bioluminescence, were obtained by sensor suites integrated into two REMUS AUV systems . The vehicles were generally programmed to undulate between 2 m depth and 3 m altitude above a variable bottom depth at a speed of approximately 2 m/s. Navigation of the AUV was conducted by acoustical navigation, by repeated surface GPS fixes, or occasionally by a combination of the two methods. Acoustical navigation continuously triangulated the position of the vehicle using an array of digital acoustic transponders deployed in the area of study for the mission duration. This approach was used when the vehicle was operating in a relatively restricted area, as during the LOCO experiment in 2006 ( Fig. 1 ; Benoit-Bird et al., this issue). When the vehicles were transecting a larger portion of the bay, they would surface every 3-5 km for a GPS position and would reacquire the programmed track-line and attempt to maintain it using an internal compass. Error in horizontal position from the acoustical navigation approach is largely based on GPS errors for the transponders. Here, the horizontal position uncertainty for the vehicles is estimated at o5 m (Hibler et al., 2008) . For navigation using the repeated surfacing, the horizontal position error is based on both compass error (�2.31; Moline et al., 2005) and any drift due to currents when the vehicle is not within 20 m of the bottom for bottom-lock Doppler Velocity Log (DVL). Given the mean distance between surface fixes, the mean error was �50 m. With the sampling frequency of the sensors and the speed of the vehicle nominally 2 m s
�1
, the vertical resolution of the measurements was 0.1570.10 m. 
The number of profiles, percent with layers, length scale, the layer thickness (FWHM), the layer depth, and the ratio of the mean concentrations in a layer and the water column is shown.
The two vehicles provided measures of chlorophyll fluores cence (Wetlabs Inc. ECO-triplet, Philomath, OR and Seapoint Sensors, Inc., Exeter NH), optical backscatter (Wetlabs Inc. ECOtriplet, Philomath, OR and Seapoint Sensors, Inc., Exeter NH), and, on one vehicle, a bioluminescence bathyphotometer. The fluo rometers were factory calibrated to provide values of chlorophyll a using cultures of T. weissflogii and adjusted in the field using natural phytoplankton communities. As the vehicles were operat ing at depth in waters with relatively high attenuation and/or at night, fluorescence quenching was found not to influence the chlorophyll a values reported here. The bathyphotometer is described in Herren et al., (2005) but briefly, a centrifugal-type impeller pump drives water into an enclosed 500 ml chamber and creates turbulent flow, which mechanically stimulates biolumi nescence. The measure of BP is therefore an index of the total luminescent capacity of organisms in a set water volume. A flow meter monitors pumping rates using a magnet and a Hall-effect sensor to generate a period signal, which is converted to an analog signal of flow rate. The flow rates are measured as the water passes from the detection chamber to exhaust outlets. In order to prevent premature stimulation of bioluminescence by the moving vehicle, water is taken directly through the front nose section of the vehicle. Two light baffling turns in the nose serve to eliminate ambient light contamination. No significant ram-effect on light production or flow rate from the vehicle itself has been found with this integrated system (Blackwell et al., 2002) . Sampling with the REMUS outfitted with the bathyphotometer was conducted between 22:00 and 04:00 local time as bioluminescence is a diurnally dependant measure, but it has been shown to be generally stable during this 6 h period (Moline et al., 2001 ). Salinity and temperature measurements were made on both vehicles by OS200 CT sensors (Ocean Sensors, Inc., San Diego, CA) or by new Neil Brown CT sensors designed for use on AUV systems. Note that the sensor suites of the vehicles changed over the 6 years of measurements used in this study. As the analysis of length scale is based on relative horizontal change for each parameter for each mission, inter-calibration of sensors and comparison in absolute units between sensors is not required. The combined bio-optical data set used in this study represents 37 individual missions, producing a total of 6699 individual casts (Tables 1a and 1b) .
Acoustical measurements
From 15 July to 8 August 2006, the area surrounding the LOCO mooring array was sampled using multi-frequency acoustics from the 16 m R/V Shana Rae (Fig. 1 , green and magenta areas). Sampling covered 8 days and 3 nights during this period (Table 2 ). Underway surveying from the R/V Shana Rae was The number of profiles, percent with layers, length scale, the layer thickness (FWHM), the layer depth, and the ratio of the mean concentrations in a layer and the water column is shown.
conducted at a vessel speed of approximately 9 km h �1 with the transducers of a 38 and 120 kHz split-beam echosounder (Simrad EK60 s) mounted 1 m beneath the surface on a rigid pole off the side of the vessel. The 120 kHz echosounder, specifically used in this analysis to identify zooplankton scattering layers, had a 71 beam and used a 64 ms pulse providing a vertical resolution of 2.5 cm. The ping rate of the echosounder averaged 5-20 Hz, providing an along track horizontal resolution of between 0.13 and 0.50 m. Resolution was sometimes as small as 0.01 m along track because of increases in ping or a decrease in vessel speed for other operations. GPS location was recorded along with each echo so that the actual distance between subsequent data points was used for all analyses. The echosounder was calibrated in the field following the procedures of Foote et al. (1987) which is fully described in Benoit-Bird et al. (this issue) . Echosounder data were analyzed in Myriax's Echoview software. A threshold of �80 dB was applied to data from the 120 kHz echosounder before analysis for thin layers.
To validate the assessment of zooplankton using acoustic methods, vertical net tows were periodically conducted with a 0.75 diameter, 333 mm mesh net equipped with a General Oceanics flowmeter to allow calculation of volume sampled. The net was lowered until a weight 3 m from the ring reached the seafloor and then pulled to the surface at a rate of approximately Dates data were collected are presented as month, day, year (mmddyy), with the number of vertical ''profiles'' used in each autocorrelation analysis. The shaded section represents the data collected at nighttime. 1 m/s. Samples were preserved in 5% buffered formalin in seawater for later analysis. Net sampling focused directly on thin layers was not possible during this study, however, water column integrated zooplankton tows showed that zooplankton captured in the net were dominated by �1 mm copepods. Three copepod genera made up more than 90% of the zooplankton both numerically and by biomass (see detailed analysis in Benoit-Bird et al., this issue). The relatively limited diversity of body types and the lack of any extremely strong scatterers such as gastropods or those with air inclusions suggests that acoustic scattering can reasonably used as an estimate of relative abundance of relatively large and mobile zooplankton over depth.
Data analysis
2.3.1. Definition of layers For the bio-optical data sets collected by AUVs, the treatment of the data to identify layers was as follows. As the vehicles were undulating in the water column, each parameter for the entire mission was first partitioned into separate casts. As shown in Fig. 2 , for each upcast and downcast, a running 5 m vertical median was taken for each profile. The measurement with the greatest difference from the median for each parameter was identified as the peak value for each cast. The upper and lower edges of the layer were then determined by finding the points at which the measured values crossed the running median above and below the peak. The depth of the layer was defined as the point at which the layer reached a maximum value. The thickness of the layer was calculated as the range of values within half the peak intensity of the layer, sometimes called the full width at half maximum (FWHM). Features were defined as thin layers when their peaks exceeded 1.25 times the local background with a FWHM thickness less than 3 m. The background was defined as the point under the peak which intersected a baseline drawn between the minimum observation in each individual profile above and below the defined layer. This criterion is somewhat different from the commonly cited definition of thin layers which uses a factor of 3 times higher than the global rather than local background values (Dekshenieks et al., 2001 ) but is robust when layers are found in a variable background, e.g., there are other patches in the plankton, a situation common in Monterey Bay.
For defining acoustic layers, a running, 5 m vertical median was taken for each echosounder ping. The points at which the layer crossed above the running median were used to define the upper and lower edges of the layer. The average value of these two crossing points was used to define the local background value. The depth of the layer was defined as the point at which the layer reached a maximum value. The thickness of the layer was calculated as the range of values within half the peak intensity of the layer, or the FWHM. Features were defined as thin layers when their peaks exceeded 1.25 times the local background with a FWHM thickness less than 3 m. The mean volume backscatter for each identified layer was calculated in the linear domain for each echo over the full depth range the feature exceeded the back ground values. This resulted in a minimum averaging of 30 values, necessary for valid assessment of volume scattering.
It should be noted that the sampling pattern for this study was weighted to cross shore rather than along shore (less so for the acoustic data than the optical measurements; Fig. 1 ), which could influence the magnitude of the horizontal decorrelation length scales.
Decorrelation length scales
To quantify the decorrelation length scales within each layer, the mean values for each bio-optical parameter and volume backscattering strength were used, which does not account for any vertical variability of the layers. If no layer was detected, the mean value of the water column profile (or acoustic ping) was used. This ensures maximum variance along a given transect, provides a conservative estimate of the decorrelation length scale, and for the acoustic data provides adequate averaging for the measurement of volume scattering. For the acoustic data, additional analyses were conducted on data, where a moving window average of 10 and 50 pings was applied to further increase the number of samples used to estimate volume scattering. For each mission (Tables 1 and 2 ), a 1-dimensional autocorrelation algorithm was applied by calculating the autocovariance function with mean value of each parameter sub tracted. The function is then normalized by the maximum zero lag covariance, which results in an autocorrelation function with limits between 1 and �1. The correlation function value of zero (the zero crossing point) represents the maximum lag (horizontal distance scale) beyond which points are no longer statistically dependent, and thus determines the decorrelation scale (Yu et al., 2002 ; Fig. 3 ). Computing an autocorrelation function for various lags determines the dominant spatial scales in layer variability within a selected range of lags, and is determined by the spatial sampling of the AUV and ship for a given mission. As indicated by Yu et al. (2002) , when determining critical scales by a sequential sampling scheme with the AUV, there is a potential for error as a result of the Doppler-shift effect (Haury et al., 1983) . In these studies however, currents were on the 0.25 m s �1 or less with a sampling speed of 2 m s
�1
, so this effect would be expected to be minimal.
Spatial aliasing can occur if the sampling resolution is lower than the decorrelation found (Yu et al., 2002) . For each parameter, the horizontal distance between peaks of identified layers was measured to provide the horizontal resolution of the measure ment. This is important as the undulations made by the AUV, together with the depth location of the layers, determines the distance. It was also important to undergo this process for each bio-optical parameter as the sampling frequencies were different. The peak of the histogram for all measurements of each parameter was then determined. For chlorophyll a the horizontal resolution was �50 m, meaning there were 20 observations made for a decorrelation length scale of 1 km, thus adequate to preclude spatial aliasing. The resolution for bioluminescence was also 50 m and optical backscatter was 90 m. As the echosounder was vertically sampling, the horizontal resolution was the distance interval between pings (see above).
Results and discussion

Horizontal distribution of layers
Results from the combined bio-optical and acoustical data sets from the northeast section of Monterey Bay study area showed a high degree of layering with much of the layering occurring near the profiles, however there were significantly higher rates of layer (Table 1a) . Layers of optical backscatter occurred in more than one third of profiles with a slight but significant decrease in occurrence during the LOCO experiment in 2006 (po0.5 for all comparisons). A multivariate ANOVA revealed that year also had an effect on the thickness, depth, and maximum intensity of layers (F ¼ 388, df ¼ 18.8, po0.05). Post-hoc analyses corrected using the Bonferonni method for multiple comparison showed that coincident with fewer chlorophyll a layers identified in 2002 and 2003, the layers during these years were also significantly deeper and more highly concentrated than those measured in 2006 and 2008. During the LOCO experiment in 2006, chlorophyll a layers were found to be shallower and also thicker than other years. These features were also seen in optical backscatter for the same time period (po0.05 for all comparisons; Table 1b ). Deeper and thinner layers were found in 2002, 2003, and 2008 , which are consistent with near bottom nephloid layers (Moline et al., 2004) . While sample sizes for bioluminescence layers were too small to allow a full inter year comparison of layer features, they were similar to other bio optical layers found in 2002 and 2003 in that they were relatively deep and comparatively thin. Bioluminescent layers were offset from the chlorophyll, suggesting that the largest signals were from zooplankton. Previous analysis of the measured biolumines cence signals from 2003 confirmed that the largest biolumines cent signals were from zooplankton located below the maximum chlorophyll layer ).
Acoustic backscatter layers
As highlighted in Benoit-Bird et al. (this issue), acoustic scattering layers measured in 2006 were detected in approxi mately 40% of the profiles sampled. These layers occurred at both the surface and at depth and, when present, tended to be horizontally continuous (Fig. 6) . Analyzing the physical lengths of the acoustic layers revealed a median length of 103 m for the entire data set. There was a difference in the lengths of these layer sheets between daytime and nighttime, with significantly longer lengths (�20 m longer) found in the daytime sample collections (t-stat ¼ �2.73, p ¼ 0.005, df ¼ 30; Fig. 7 ). Additionally layers were more abundant at night (Fig. 7) , which is important for the interpretation of Benoit-Bird et al. (this issue) , which only examined nighttime layers.
Horizontal length scales of layers
The decorrelation length scales from bio-optical measure ments were significantly longer than those from acoustic measurements. As with the bio-optical layer statistics, the decorrelation length scale for chlorophyll was significantly longer in 2002/2003 than in 2006/2008 (t-stat ¼ 8.10, po001, df ¼ 15) , with mean horizontal distance scales of 6.7672.40 and 1.0471.14 km, respectively (Table 1 ). Looking at the locations and geographic extent of the AUV mission in Monterey Bay (Fig. 1) , one may suspect that there was a potential bias of the nearshore missions during LOCO experiment (2006). However, there were no significant differences between the mean decorr elation scales between 2006 and 2008 despite very different coverage. Mean decorrelation scales for bioluminescence (3.18 km) were approximately half that of chlorophyll a for 2002/2003 (see above). For other years, the scales were even smaller (20-600 m) and at the limit of the sampling resolution suggesting that finer horizontal sampling than possible with the current AUV configuration may sometimes be needed to examine the surface (Figs. 4 and 5) . Despite strong physical gradients in this region, identified layers were often decoupled from isopycnal gradients (Fig. 5f ). This has been shown in other chlorophyll fluorescence studies in this region with diatoms showing a strong coherence to the physical stratification, while dinoflagellates migrate vertically and are weakly correlated with stratification (Sullivan et al., this issue) . Active swimming is an important mechanism controlling thin layers of both zooplankton (Gallager et al., 2004; McManus et al., 2005; Benoit-Bird et al., this issue) and motile phytoplankton (Klausmeier and Litchman, 2001 ) and one of the primary reasons for the decoupling between physical and biological layering. It is because these layers are often decoupled from the physical structure of the water column that an assessment of the variance within the layers is appropriate. Previous studies have assessed variance in the horizontal distribution of biological communities, but have done so by either a fixed-depth interval (Yu et al., 2002) , or by isopycnal gradients (Denman and Powell, 1984; Mackas et al., 1985; Owen, 1989; Franks and Jaffe, 2001; Lennert-Cody and Franks, 1999) . While certainly valid with non-motile phytoplankton communities in some conditions (i.e., internal waves; LennertCody and Franks, 2002) , in areas where motile species are prevalent, such as Monterey Bay (Omori and Hamner, 1982; Cheriton et al., 2007; Ryan et al., 2008a) , and in all cases for zooplankton, horizontal decorrelation length scales of plankton are better described by targeting the layers themselves (Figs. 5g  and 6 ).
Bio-optical layers
Bio-optical thin layers were common in all years measured in this study (Tables 1a and 1b) . Analyses of variance (ANOVA) showed that the detection rate of chlorophyll a (F ¼ 4.52, df ¼ 3, 35, po0.01), bioluminescence (F ¼ 3.65, df ¼ 3, 16, po0.05) and optically scattering layers (F ¼ 3.48, df ¼ 3, 35, po0.05) varied as a function of year. Post-hoc tests with Bonferonni correction for multiple comparisons identified the source of these differences. Chlorophyll a thin layers were usually found in greater than 50% of ). Layering is evident in both optical backscatter and chlorophyll a. Chlorophyll a is also shown (f) as a function of density (using the range scale in panel c) to illustrate that the biological layering that occurred was often not associated with a particular isopycnal layer. Panel (g) illustrates the layer picking algorithm with identification of the edges (open circles) and the peak of each layer (connected by a magenta line). (h) Normalized horizontal distribution of mean chlorophyll a within the layers identified in (g) as a function of distance from starting point. This illustrates the variability within chlorophyll a layers for this mission and is an intermediate step to applying the autocorrelation to obtain the decorrelation length scale (see Fig. 2 ). The distance scale in (d) applies to all panels except (h). Fig. 7 . Histogram of the physical length of coherent acoustic scattering layers collected during the daytime (grey) and nighttime (black) for all data collected (see Table 2 ). Layers were both significantly more abundant and spatially longer than during the day (see text). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) the horizontal variance of bioluminescent thin layers. If it is accepted that the size of plankton patches and their variance generally scales inversely to the organisms size (Levin, 1992) , with the largest patches represented by autotrophic phytoplankton, and less concentrated larger heterotrophic organisms in succes sively smaller patches (Hall and Raffaelli, 1993) , then the decreasing decorrelation scales found for bioluminescence would suggest that these layers are composed of zooplankton, as opposed to phytoplankton. As shown in , bioluminescent layers were in fact correlated to acoustic scattering at frequencies relevant for zooplankton. Similar to chlorophyll a, optical backscatter showed longer decorrelation length scales associated with the early sampling years (Table 1b) .
Decorrelation length scales of the horizontal variability in acoustic backscatter were extremely small with a mean scale of 0.50 m for the combined data set (Table 2 ). This mean length scale and the length scales measured during individual sampling sessions did not change when a sliding window average of either 10 pings or 50 pings was applied to the data, suggesting that inadequate averaging in volume scattering estimates and instrument noise are not responsible for the length scales measured. This length scale is on the order of the horizontal resolution of the sampling, which is reasonable given that the echosounder is imaging at near the scale of the relatively large and mobile individual zooplankton and ichthyoplankton that can be detected within the layers at 120 kHz. The short length scale we measured is consistent with field measurements of a number of species of zooplankton (e.g., Mackas and Boyd, 1979; Tsuda et al., 1993) . The differences in length scales between phytoplankton and zooplankton observed here is also consistent with the modeling results of Abraham (1998) that show zooplankton density may be almost as variable at short scales as long ones as a result of turbulent stirring and interactions with phytoplankton while phytoplankton show substantially less fine scale structure. As with differences with the horizontal coherence of the layers between day and night, there was a significant difference in the mean decorrelation length scale of zooplankton layers between day (0.24 m) and night (1.34 m) sampling (z ¼ �1.47, p ¼ 0.05, n ¼ 10). So, despite the finding that the horizontal length of the layer was shorter during the night, there was less variability within them at night.
Community structure and horizontal scales of layers
In addition to defining the critical horizontal scales of bio optical and bio-acoustical variability within biological thin layers, significant differences in scales and layer characteristics were evident between years. While it is well known that the physical environment is a key forcing variable in the formation and structuring of thin layers (Franks, 1995; Osborn, 1998; Dekshe nieks et al., 2001; McManus et al., 2003; Birch et al., 2008; Ryan et al., 2008b) , it is clear that it cannot account for the formation of some layers, particularly those that are mediated by behavior (Donaghay et al., 1992; Rines et al., 2002; Menden-Deuer, 2008 . The community structure is therefore an important consideration. In the initial two years of bio-optical data presented here (2002/2003) , layers were generally less variable, were found in more profiles, and were deeper. Examina tion of these data showed chlorophyll a layers were coupled to the physical gradients in the water column . Published data for these years also identify diatoms as the dominant autotroph in layers in Monterey Bay (Rines et al., 2002; McManus et al., 2008) . In fact, Jester et al. (2009) , using a 6 year time series has documented a shift in Monterey Bay from diatom dominance to dominance by mixed dinoflagellates, including dinoflagellate species that were previously undocu mented in the area (Curtiss et al., 2007) . This transition was seen in 2004, between the years showing significant differences in critical horizontal length scales. Additional data available since 2004 is supportive of the conclusion of transition to a phyto plankton community dominated by dinoflagellates Ryan et al., 2008a; Rines et al., this issue; Sullivan et al., 2009) . Although diatoms can influence layer dynamics by change in buoyancy, dinoflagellates dominating this period of the study can modify layer continuity, thickness, and intensity by behavior, (Menden-Deuer, 2008) , which would significantly influence the horizontal variability and decorrelation length scales of layers as documented here in bio-optical measurements (Table 1a ,b). In addition, linking plankton patch dynamics solely to the physical environment (Franks 1995; Stacey et al., 2007; Mitchell et al., 2008; Ryan et al., 2008b) , may be problematic in a region such as Monterey Bay where the plankton community structure dom inates layering via behavior and vertical migration ). This transition has undoubtedly had an influence on the trophic food web, in particular the zooplankton community, and the nutrient dynamics of the system, however, this has not been examined. The occurrence of dinoflagellates has been documented to be increasing in coastal regions around the globe (Heisler et al., 2008) , making the findings with regard to the spatial scales of layers applicable to other regions.
Sampling and spatial scales of layers
The previous section identified community structure as an important determinant in the modifying, here decreasing, the horizontal length scales of bio-optical layering. Results also show the decorrelation length scales of acoustic layers to be on the order of the distance between pings, especially during the daytime. As has been documented for the vertical structure of thin layers (see Cowles et al., 1998) , sampling of these layers is a critical issue to evaluating properties, trophic impacts, and chemical modifications of layers. While the technology has greatly improved to sample vertical thin layers using autonomous profilers (Donaghay et al., 1992; Sullivan et al., this issue) , sampling the horizontal dimension of thin layers near synopti cally is still a challenge. As mentioned above, the simultaneous measurements targeting multiple trophic levels should also be a goal. Here and in Benoit-Bird et al. (this issue) a ship-mounted echosounder was used in combination with AUVs to evaluate the horizontal scales of thin layers and identify the range of scales that would need to be sampled to identify layer continuity and patch size. While this coordinated effort was able to capture the horizontal length scale variability of layers, there are improve ments to the platform-sensor combination that may have the potential to improve resolution. Clearly the sampling frequency of the measurements, especially the bio-optical parameters, could be increased. A modified bioluminescence sensor described by Herren et al. (2005) , for example, can now sample at 60 Hz, which would improve the horizontal resolution by at least an order of magnitude. An ultra-high sampling frequency chlorophyll a fluorometer is also under development for the AUV (Bensky et al., 2008) , which would have a significant effect on resolving the micro-scale. Although technically challenging, the installation of calibrated multi-frequency echosounders on AUVs, has the potential to improve the measurement of the horizontal extent of thin layers. AUV platforms would provide greater control of the vertical positioning of the echosounders relative to the layer targets, increasing the horizontal resolution by measuring layers in the narrowest parts of the sonar beams, and would provide data from collocated bio-optical sensors for concurrent measures of different trophic levels, chemistry and physics. Even though AUVs are now commonly used as scientific platforms (Dickey et al., 2008) , the AUV platform itself could also be enhanced to identify layers and improve sampling by feature identification. This has been done with chemical plume tracking by an AUV (Farrell et al., 2005) , and has recently been attempted using chlorophyll fluorescence to identify locations for water sampling by an AUV (Py et al., 2007) . Swarming behavior in multiple AUV systems has also been demonstrated (Ö gren et al., 2004) , an approach that would greatly improve the near synoptic coverage of layers.
Conclusions
Results here and in Benoit-Bird et al. (this issue) highlight the advantages of combining sensors and platforms to examine layering of multiple trophic groups simultaneously. The horizontal decorrelation length scales of the bio-optical layers themselves were quantified in Monterey Bay, CA over a 6-year period while the acoustic scattering layers were only examined in 2006. While the length scales were unique to each measured parameter, there was a significant decrease in the decorrelation length scale over time, which coincides with a documented shift in the plankton community in Monterey Bay. A significant diel pattern was observed in the acoustic scattering layers with significantly longer decorrelation length scales at night when more layers were observed but when these layers were smaller in their horizontal extent. These shifts highlight the importance of considering plankton behavior and time of day with respect to scale, when studying layers. The changes in horizontal length scales also highlight the challenges of sampling these phenomena. New advances in sensors and autonomous underwater platforms hold great promise for better resolving the horizontal extent of optical and acoustical scattering layers in the coastal ocean.
